SUMMARY Data concerning the effects of morphine on human pancreatic secretion are fragmentary and inconclusive. In the present study, we evaluated the effects of morphine on pure pancreatic secretion in nine subjects with external transduodenal drainage of the main pancreatic duct performed after biliary tract surgery. Intravenous infusion of a small dose of morphine, 40 ,ug/kg/h, during pancreatic stimulation with secretin and cholecystokinin, caused a significant increase in volume, bicarbonate, and calcium secretion, and a significant decrease in protein secretion. The stimulatory effect on water and electrolyte secretion was rapid and much more pronounced, reaching about 45-50% of the control levels, whereas the inhibition of protein output was slightly delayed and of lesser magnitude, reaching about 20-25% of the control values. Both effects were long-lasting. The addition of naloxone, a potent opiate antagonist, prevented in part the effects of morphine on pancreatic secretion, suggesting that specific opiate receptors might be involved in these effects.
Despite the extensive literature on the influences of morphine on the gastrointestinal tract, very little is known about the effects of this drug on pancreatic exocrine secretion of man. In textbooks of pharmacology1 2 it is stated that morphine inhibits human pancreatic secretion but there are no detailed studies proving that such an effect occurs in man. The present study was therefore designed to examine the effects of morphine on human pancreatic secretion. These effects were evaluated directly on pure pancreatic juice collected by external transduodenal drainage of the main pancreatic duct.
Methods

SUBJECTS
Nine subjects (five men and four women) with no clinical history or biochemical signs of pancreatic disease were studied. They ranged in age from 41 to 72 years (mean 58 years). Their weights ranged from collecting pure pancreatic juice has been described in previous publications.3 4The patients had transduodenal drainage of the main pancreatic duct performed after papillotomy and sphincteroplasty for common bile duct stones. 5 The appearance of the pancreas at operation was normal in all patients. The drainage was not carried out specifically for the purpose of this study, but as a part of the therapeutic programme to prevent the formation of duodenal fistulae and postoperative acute pancreatitis. The polyethylene tubes used to drain pancreatic juice were inserted into Wirsung's canal to a depth of about 3-4 cm, and were tied to the duodenal wall by a stitch of catgut. They were provided with several additional holes in the intraductal portion. Their diameter was accurately selected in each patient according to the calibre of the main pancreatic duct. After insertion of the tube into the duct of Wirsung, an intravenous injection of secretin, 05 CU/kg, was carried out to confirm the efficacy of the drainage. There was no obvious leakage of pancreatic juice around the cannula after secretin administration. Studies were performed in the morning after an overnight fast, and were started at least five or six group.bmj.com on October 13, 2017 -Published by http://gut.bmj.com/ Downloaded from days after the operation. It has been shown that pancreatic secretion is depressed during the first two to three days after the operation and returns to normal thereafter. 3 Results are presented as mean values ± SEM. Statistical significance was assessed by Student's t test for paired differences.
Results
VOLUME AND BICARBONATE
Both in morphine and control studies, a very stable plateau of secretion was attained about 30 minutes after the beginning of secretin-cholecystokinin infusion. The administration of morphine caused in all subjects an increase in pancreatic volume flow and bicarbonate secretion (Fig. 1) . The increase was statistically highly significant. The effect appeared rapidly and persisted for some time after the infusion of morphine was stopped. Compared with control values, the increase in bicarbonate output reached about 50%. PROTEIN Unlike bicarbonate secretion, protein secretion was significantly reduced by morphine (Fig. 2) . The drug produced in all subjects a marked reduction in protein concentration. Thus, even though the pancreatic volume flow was increased by morphine, the output of protein was significantly reduced. Compared with control values, protein output was reduced by about 20-25% by morphine. The inhibition of protein was apparent from the second 10-minute period of morphine infusion and lasted for the duration of the study. In the first 10-minute period of the 30-minute morphine infusion protein concentration did not change significantly, so protein output was transiently augmented. 
CALCIUM
Calcium concentration was not significantly affected by morphine. In several patients there was a reduction in calcium concentration after morphine was given, but the decrease was very small. Calcium output increased rapidly after the beginning of morphine infusion and the effect persisted for the rest of the study (Fig. 3) .
In studies in which the opiate antagonist naloxone was given with morphine, the effects of morphine were much less pronounced (Fig. 4) juice to the duodenum because of contraction of the sphincter of Oddi caused by the drug. To our knowledge, no further studies have examined the effects of morphine on human pancreatic secretion.
In a recent study in dog, Konturek et af7 found that morphine inhibits both pancreatic bicarbonate and protein secretion induced by endogenous and exogenous hormonal stimulation. This difference from our findings in man concerning the effect of morphine on bicarbonate secretion might be explained by species difference. The mechanism whereby morphine exerts its effects on human pancreatic secretion is unknown. The rapid appearance of the increase in volume and bicarbonate secretion suggests that morphine may act directly on pancreatic secretory cells to stimulate water and bicarbonate secretion and augment the effect of secretin. The finding that naloxone, a potent opiate antagonist, prevents in part the augmenting effect of morphine on bicarbonate secretion suggests that this effect might be mediated in part by specific receptors for opiates. A similar conclusion has been reached by Konturek et af with regard to the effects of morphine on canine pancreatic secretion. The opiate receptors could be localised in the pancreatic secretory cells, but our study does not provide direct evidence for this assumption. Concerning the inhibitory effect on protein secretion, it is also possible that morphine acts directly on pancreatic acinar cells to inhibit protein secretion, perhaps by interfering with cholecystokinin. Moreover, as morphine is known to inhibit the release of acetylcholine from cholinergic nerve endings,12 13 it is likely that the inhibition of protein secretion could be attributed, at least in part, to the removal of the cholinergic background involved in the action of cholecystokinin on the pancreatic acinar cells.14 The inhibitory effect on protein secretion was partly prevented by naloxone, suggesting involvement of specific opiate receptors.
Alternatively, the effects of morphine on pancreatic secretion might be mediated by actions of the drug on the brain. The observation that morphine administered in the systemic circulation does not readily cross the blood-brain barrier, however,15 makes it unlikely that a central nervous mechanism is involved in the effects seen in our study, and suggests that when the drug is given intravenously it acts peripherally.
It has been found that administration of morphine causes the release or suppression of several hormones, including prolactin and pancreatic polypeptide in man, 16i7 and somatostatin, glucagon, and insulin in dog.18 It is not possible, however, to determine if any of these hormones were involved in the effects of morphine on pancreatic secretion seen in the present study.
Of particular interest in the present investigation was the stimulatory effect of morphine on pancreatic calcium output. As protein secretion was depressed by morphine, we expected a depression of calcium secretion, which is known to reach the pancreatic juice in association with protein. [19] [20] [21] The reason for this apparent discrepancy is not clear. There is evidence showing that, in addition to the proteinbound fraction, a second protein-independent calcium fraction exists in pancreatic juice.19 21 22 It has been suggested that this second fraction of calcium enters the juice by diffusion from the interstitial space19 23 or by the mechanism responsible for electrolyte secretion.2122 It is therefore possible that morphine increased this proteinindependent fraction of pancreatic juice calcium, perhaps by the same mechanism involved in augmentation of water and bicarbonate secretion. In conclusion, this study demonstrates that human pancreatic secretion is strongly influenced by morphine. The prevention of the effects of morphine by naloxone suggests that separate opiate receptors might be involved in these effects. The recent discovery in the human pancreas of endogenous peptides with morphine-like activity24 adds some speculative interest to the present findings.
